Background and objectives Elevated BP contributes to development and progression of proteinuria and decline in renal function in patients with type 2 diabetes. Our post hoc analysis assessed the baseline BP influence on the antiproteinuric effect in the Aliskiren in the Evaluation of Proteinuria in Diabetes (AVOID) study.
Introduction
It is well appreciated that the antiproteinuric effect of Renin-angiotensin-aldosterone system (RAAS) blockade in part consists of lowering of systemic BP. However, indications from several studies point to an antiproteinuric effect of RAAS blockade with renal benefit independent of the initial untreated BP level (1) and the BP level achieved during treatment (2) . In fact, the ADVANCE study (1) pointed to the possibility that even normotensive type 2 diabetic patients may benefit from RAAS blocking treatment delaying onset and progression of albuminuria, despite the fact that it is not current practice to treat such patients.
The concept of direct renin inhibition with aliskiren is the latest addition to drugs that block the RAAS, and the main indication of this treatment is as an antihypertensive agent (3) . Aliskiren binds to renin and inhibits the conversion of angiotensinogen to angiotensin I at the first rate-limiting step in the cascade. Aliskiren has shown antiproteinuric potential in small studies (4, 5) , but the AVOID study (6) was the first large randomized study to investigate reduction in albuminuria with aliskiren versus placebo added on to standard recommended therapy with losartan in hypertensive patients with type 2 diabetes and nephropathy. The aim of this post hoc analysis of the AVOID study was to investigate whether the aliskiren treatment added to standard treatment exerted antiproteinuric/renoprotective effects regardless of baseline BP, i.e. whether this treatment is indicated across a range of BP levels, mirroring the diversity of patients in daily practice.
Materials and Methods
The trial enrolled hypertensive patients, ranging in age from 18 to 85 years, with type 2 diabetes and nephropathy (early morning urinary albumin creatinine ratio of Ͼ300 mg/g or Ͼ200 mg/g in patients receiving blockade of the renin-angiotensin-aldosterone system). The criteria for exclusion were known nondiabetic kidney disease, urinary albumin creatinine ratio of Ͼ3500 mg/g, estimated GFR Ͻ30 ml/ min per 1.73 m 2 (7), chronic urinary tract infection, Ͼ5.1 mmol/L serum potassium at the time of randomization, severe hypertension, or major cardiovascular disease within the last 6 months.
In a randomized, double-blind, placebo-controlled study conducted in 15 countries and 150 centers worldwide, we evaluated the possible renoprotective effect of aliskiren in 599 hypertensive patients with type 2 diabetes and nephropathy. The methods have been described in detail in the main publication (6) . In brief, we screened 1892 potentially eligible patients at an enrollment visit. Subsequently 805 patients entered a 3-month open-label period, during which all of the previous drugs that block the renin-angiotensin-aldosterone system were discontinued, except for ␤-blockers, and treatment was initiated with the maximal recommended renoprotective dose of losartan (100 mg daily) plus additional antihypertensive therapy aiming at an optimal target BP, i.e. below 130/80 mmHg. During the 3-month open-label treatment period, 206 patients were excluded, leaving 599 randomized patients who were followed for a median of 6 months. The patients were randomly assigned to receive aliskiren at a dose of 150 mg once daily for 3 months, followed by 300 mg of aliskiren daily for another 3-month period or matching placebo once daily. The study protocol was in accordance with the Declaration of Helsinki (2002) and was approved by local and central review boards. All of the patients provided written informed consent.
The patients were examined 13, 12, 8, 4 , and 2 weeks before randomization; at randomization; and 1, 4, 8, 11, 12, 16, and 24 weeks after randomization. BP and pulse, adverse events, concomitant medications, and adherence to medications were assessed at each visit. Three early morning spot urine samples were collected on three sequential days at: 13 and 2 weeks before randomization and 4, 8, 12, 16, and 24 weeks after randomization. The urinary albumin concentration was determined by immunoturbidimetry (8) , and the serum creatinine concentration by Jaffe reaction was determined by a Roche kit (9) . The old Modification of Diet in Renal Disease formula was used to estimate the GFR (7). Glycosylated hemoglobin was measured by Bio-Rad HPLC (10) . All of the remaining laboratory variables were also measured centrally applying conventional laboratory techniques.
Seated BP was assessed by standard mercury sphygmomanometers with appropriate cuff size after at least 5 minutes of rest. Three measurements were obtained, two minutes apart at each time point, and the average of the three was used for calculation of the 24-hour trough level (24 hours postdose). To attain BP equality, target BP during the open-label and double-blind period was less than 130/80 mmHg for both groups. Consequently, further adjustments in BP-lowering medication were recommended after randomization. All classes of BP-lowering drugs were allowed, except for drugs blocking the renin-angiotensinaldosterone system.
The patient population was divided in three groups (groups A, B, and C) according to their baseline BP level achieved at time of randomization, after the 3-month run-in period with a focus on optimizing antihypertensive treatment: Group A (prespecified BP target), Ͻ130/80 mmHg (n ϭ 159); Group B (intermediate BP control), Ͻ140/90 mmHg but Ն130/80 mmHg (n ϭ 189); and Group C (insufficient BP control), Ն140/90 mmHg (n ϭ 251). We investigated the same efficacy measures as in the main study. The primary endpoint was urinary albumin: creatinine ratio (UACR) reduction from baseline to end of study, and secondary endpoints included proportion of patients achieving a 50% reduction in UACR, change in eGFR, and change in systolic and diastolic BP from baseline to end of study. In addition, we assessed the frequency of adverse events in the three groups.
Statistical Analysis
Baseline variables were assessed and compared between the two treatment groups according to BP subgroup. For continuous variables, the P value is from a t test for each subgroup. For categorical variables, if all of the expected cell counts were at least five across all subgroups, the P value is from a chi-square test for each subgroup. Otherwise, the P value is from a Fisher's exact test for each subgroup.
The intent-to-treat population was the analysis population for efficacy analysis at the week 24 endpoint. The intent-to-treat population consisted of all of the randomized patients who had baseline and at least one postbaseline efficacy measurement. If the value at week 24 was missing, last observation carried forward was used. The safety population was used for safety analyses. The safety population consisted of all of the randomized patients who received at least one dose of double-blind trial medication. UACR reduction from baseline was analyzed using a logistic regression model with treatment, region, and subgroup as factors, with log-transformed baseline UACR as a covariate and treatment by subgroup interaction. Change from baseline eGFR was analyzed using analysis of covariance with treatment, region, baseline proteinuria classification, and subgroup as factors; baseline eGFR as a covariate; and treatment by subgroup as an interaction. Supplementary analysis was performed using baseline systolic BP as a continuous variable investigating the relationship between BP at baseline and antiproteinuric response to aliskiren treatment. In addition, the correlation between eGFR decline and systolic BP in aliskiren-and placebotreated patients in Group C was calculated.
Results
The baseline characteristics of the three groups can be seen in Table 1 . There were no statistically significant between-treatment differences in clinical or laboratory values in any of the BP subgroups. Mean baseline BP in subgroup A (Ͻ130/80 mmHg) was 121/71 mmHg in the aliskiren group and 120/70 mmHg in the placebo group, indicating that these patients were indeed well controlled with regards to BP at baseline. In group B (Ͻ140/90 mmHg but Ն130/80 mmHg), mean baseline BP was 132/78 mmHg in the aliskiren group and 134/78 mmHg in the placebo group. In group C (Ն140/90 mmHg), baseline BP in the aliskiren group was 145/81 mmHg versus 144/80 mmHg in the placebo group (Table 1) . Table 2 displays the difference between treatment effects in each baseline BP subgroup. The antiproteinuric effect of aliskiren treatment was consistent across baseline BP groups (between-treatment reductions of 19 to 22%), although it was statistically significant only in group C (P ϭ 0.044). The proportion of patients achieving more than 50% reduction in UACR was consistently larger in the aliskirentreated group (Table 2) , from 23 to 26% in the aliskirentreated patients as compared with 11 to 14% in the placebo group.
The rate of decline in eGFR over the study course of 6 months increased with increasing baseline BP in the placebo group; however, there was only a significant difference between treatment groups in subgroup C, where aliskiren-treated patients had an eGFR reduction of 2.0 ml/ min per 1.73 m 2 as compared with 5.5 ml/min per 1.73 m 2 in the placebo group (P ϭ 0.013) (Figure 1 ). There was no relationship between baseline BP, when used as a continuous variable, and antiproteinuric response to treatment. In addition, there was no correlation between eGFR decline and baseline systolic BP in aliskiren and placebo-treated patients in Group C. In all of the baseline BP subgroups, we observed an increase in SBP ranging from 0.6 to 2.3 mmHg in the aliskiren group and from 2.2 to 3.7 mmHg in the placebo group during the 6-month study duration, although the trend was toward a larger increase in the placebo groups (Table 2) . Diastolic BP displayed minor reductions or was unchanged during the study ( Table 2 ). The proportion of ␤-blockers and calcium channel blockers used was not significantly different between aliskiren-and placebotreated patients in any BP group; however, information regarding the doses used was not available.
Adverse events had similar frequencies in all baseline BP subgroups, with no differences between treatment groups (Table 3) . Of note, however, 9.2% of the aliskiren-treated patients in group A reported hypotension (investigator defined) as compared with none in the placebo group (P ϭ 0.005). No other single adverse event was reported frequently (more than 2%) in any group.
Discussion
In our post hoc analysis of the AVOID study, a randomized double-blind placebo controlled study with aliskiren in hypertensive patients with type 2 diabetes and nephropathy, we found that the antiproteinuric effect of aliskiren added to standard treatment, including the recommended renoprotective dose of losartan (11), is equal at different levels of baseline BP control. Also consistent across the BP control groups was the statistically significant difference in number of patients with a Ͼ50% reduction in UACR from baseline to end of study, between aliskiren-and placebotreated patients. This indicates that large reductions in UACR can be achieved by adding aliskiren treatment with 300 mg once daily to standard therapy, irrespective of pretreatment BP level. This may prove an important point in the search for therapies and drug combinations that further lower albuminuria in patients at risk for both renal and cardiovascular morbidity and mortality. During the 6-month study, the change in eGFR was similar between treatments in the two groups with the best BP control at baseline, but in group C (Ն140/90 mmHg), the placebo-treated patients had a significantly larger drop in eGFR (5.5 versus 2.0 ml/min per 1.73 m 2 per 6 months, P ϭ 0.013), suggesting that patients who need the BPlowering treatment the most also have the greatest benefit from it.
The increase in systolic BP (SBP) in group C during the study in the placebo group was 3.1 mmHg as compared with 0.6 mmHg in the aliskiren-treated patients. Elevated BP is a risk factor for loss of kidney function (12) , and the more pronounced decline in eGFR in the placebo group in patients with baseline BP Ն140/90 mmHg may partly be due to the BP difference during the study.
One important finding with clinical implications is the fact that there were significantly more reported symptoms of hypotension among the aliskiren-treated patients in Group A as compared with placebo patients, but no patient in group A experienced hypotension that led to discontinuation. This warrants special attention to hypotension by clinicians who decide to add aliskiren to well-controlled hypertensive diabetes patients with the aim of reducing albuminuria. Other adverse events were infrequent in all of the baseline BP groups.
BP reduction in our study was less than in previous studies with aliskiren used without and with an angiotensin-receptor blocker (ARB) as mono or dual therapy, but in our study many patients were treated with concomitant antihypertensive treatment aiming to reach a BP target of 130/80 mmHg. This fact may explain the minor differences in BP during the study. In type 2 diabetes, some post hoc analyses of randomized, intervention trials have studied the impact of different levels of BP control in relation to renal events.
The BENEDICT study was carried out in 1204 hypertensive patients with type 2 diabetes and normoalbuminuria for 3.6 years of follow-up (13) . The primary endpoint was progression to microalbuminuria, and the post hoc analysis showed that follow-up SBP below the median of 139 mmHg resulted in slower rate of progression from normo-to microalbuminuria. Also diastolic BP (DBP), mean arterial pressure (MAP), and pulse pressure were associated with the risk of developing microalbuminuria, but follow-up SBP appeared to be the strongest predictor. The values are the means Ϯ SD except for the UACR change, which indicate the median (range). The ADVANCE trial in patients with type 2 diabetes showed renal benefits across all levels of baseline BP, most pronounced among individuals with baseline SBP levels Ͻ120 mmHg (1). The renal endpoint used was a composite of renal events defined by new-onset microalbuminuria, new-onset macroalbuminuria, doubling of serum creatinine, or end-stage kidney disease.
In a population with type 2 diabetes and overt nephropathy in a post hoc analysis of the Irbesartan Diabetic Nephropathy Trial, Pohl et al. (14) found that follow-up SBP was the strongest predictor of renal disease progression (development of doubling in s-creatinine or ESRD) as compared with DBP, mean arterial pressure (MAP), or pulse pressure. In a similar analysis of the RENAAL study, Bakris et al. (15) found that follow-up SBP above 140 mmHg had a higher rate of progression of nephropathy as compared with patients achieving SBP values below 130 mmHg.
Taken together, the abovementioned studies point to BP control as an important factor with regards to prevention of renal events. The studies do not report changes in renal function and have different endpoints compared with our study, but reduction in albuminuria is widely accepted as a surrogate renal endpoint associated with a decline in renal function and development of cardiovascular disease (16, 17) . Nevertheless, further hard endpoint studies investigating renal benefits of direct renin inhibition are needed (18) .
From physiologic studies, it is known that different forms of RAAS blocking treatment can normalize directly measured or estimated glomerular capillary hydraulic pressure (19 -21) , reduce the shunt-like defects in the membrane (22), and restore the charge-selectivity properties of the glomerular membrane (23) . Whether renin inhibition in combination with angiotensin II receptor blockade, as used in the AVOID study, has additive beneficial effects on these variables is not known.
However, aliskiren treatment seems to have an angiotensin II-dependent vasodilatatory effect on the efferent arteriole in the glomerulus that causes an increase in renal plasma flow and a drop in filtration fraction that exceeds the effect seen previously with angiotensin-converting enzymes and ARBs (24) . The animal studies indicate that aliskiren partitions to the kidney and exhibits a prolonged renal residence, which is not seen with angiotensin-converting enzymes or ARBs (25) . In addition, aliskiren inhibits the intrarenal RAAS even several days after cessation of treatment (25) . We have previously demonstrated a synergistic response to combination treatment with aliskiren and irbesartan, as measured by a 12-fold increase in plasma renin concentration, pointing to increased intrarenal RAAS blockade (5) .
All of the BP measurements in the study were office BP, so it can be speculated that a difference in nighttime BP levels could influence the results, but this could not be determined in our study. In stage 2 hypertension, the combination of 300 mg of aliskiren once daily and 320 mg of valsartan was significantly more effective in lowering mean 24-hour ambulatory systolic and diastolic BP than was either agent alone (26) . This could be due to the long half-life of aliskiren (about 40 hours). The question of the effect of aliskiren treatment on ambulatory BP is important and will be investigated further.
Albuminuria remains the biomarker of choice when evaluating combination RAAS blockade but may have limitations. This has been debated since the publication of the ONTARGET study (27) . Although the ONTARGET study included a mixed cardiovascular high-risk population with an The values are n (%). A patient with multiple occurrences of an adverse event (AE) under one treatment is counted only once in the AE category for that treatment.
average urinary albumin creatinine ratio of 7.2 mg/g, our study was performed in type 2 diabetes with nephropathy. Furthermore, a recent post hoc analysis of the ONTARGET data revealed that "changes in albuminuria predict cardiovascular and renal outcome and mortality independent of baseline albuminuria" (28) . In addition, the residual level of albuminuria during RAAS blockade also independently of the baseline albuminuria level determines the renal outcome risk (16) . Because this is a post hoc analysis, the conclusions to be made from it must be regarded as a hypothesis-generating observation that should be used to guide future research rather than clinical practice. Furthermore, whereas albuminuria remains the biomarker of choice for studies of novel agents, less evidence is available when new agents are added to standard treatments that already reduce albuminuria, such as angiotensin-receptor blockade. Nevertheless, these are data from the largest randomized study with aliskiren treatment of patients with type 2 diabetes so far, and more evidence regarding the impact of aliskiren treatment on cardiorenal endpoints will be available when the ALTITUDE study is completed (18) . Aliskiren (300 mg daily) added to losartan (100 mg daily) and recommended antihypertensive treatment reduced UACR (19 to 22% reduction versus placebo) independent of baseline BP level and BP during the trial and attenuated decline in eGFR in the group with insufficiently treated baseline BP above 140/90 mmHg. Hypotension was more frequent in the aliskiren with baseline BP Ͻ130/80 mmHg. With proper attention to this adverse event, we conclude that the use of 300 mg of aliskiren once daily in this setting can be applied safely and with clinically relevant efficacy across a broad range of BP levels in hypertensive type 2 diabetic patients with nephropathy.
